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In the process of tumorigenesis, normal cells are remodeled 
to cancer cells and protein expression patterns are changed to 
those of tumor cells. A newly formed tumor microenviron- 
ment elicits the immune system and, as a result, a humoral 
immune response takes place. Although the tumor antigens 
are undetectable in sera at the early stage of tumorigenesis, 
the nature of an antibody amplification response to antigens 
makes tumor-associated autoantibodies as promising early 
biomarkers in cancer diagnosis. Moreover, the recent devel- 
opment of proteomic techniques that make neo-epitopes of 
tumor-associated autoantigens discovered concomitantly has 
opened a new area of 'immuno-proteomics', which presents 
tumor-associated autoantibody signatures and confers infor- 
mation to redefine the process of tumorigenesis. In this 
article, the strategies recently used to identify and validate 
serum autoantibodies are outlined and tumor-associated 
antigens suggested until now as diagnostic/prognostic 
biomarkers in various tumor types are reviewed. Also, the 
meaning of autoantibody signatures and their clinical utility 
in personalized medicine are discussed. [BMB Reports 2012; 
45(12): 677-685] 



INTRODUCTION 

An immunosurveillance system recognizes the changes in tu- 
mor cells and a humoral response to tumor-associated antigens 
(TAAs) takes place. From the first study on tumor-associated 
autoantigens in the 1960s by Baldwin (1), hundreds of tu- 
mor-associated antibodies have been reported and many stud- 
ies have been performed on their application to biomarkers. 
Tumor-associated autoantibodies are a group of serum bio- 
markers which show highly interesting properties. They are 
easily accessible in blood samples and have a long half-life, 
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which confer advantages over other protein biomarkers cur- 
rently used. Moreover, the nature of an antibody amplification 
response to an antigen means that even relatively small quan- 
tity of antigen in the early stage of tumorigenesis can trigger a 
larger immune response, which makes it useful as an early di- 
agnosis marker. Moreover, the recently improved proteomic 
technologies have enabled discovery of many autoantigens 
concomitantly in spite of the limitations in patient sera (2-6), 
and they can be used for the generation of a panel of TAAs 
that exhibit better diagnostic value than a single TAA marker 
(7). Recently, based on the autoantibody profile of cancer pa- 
tients, studies on the utility of autoantibodies as prognostic bi- 
omarkers and anti-cancer vaccine immunotherapy have also 
been performed (8), although their exact roles in the body or 
development mechanism are still a matter of controversy. In 
this article, we will review the issues about tumor-associated 
autoantibodies encompassing the development and innate 
functions of tumor-associated autoantibodies, their discovery 
and validation techniques, and their utilities as diagnosis/ prog- 
nosis markers in cancer. 

DEVELOPMENT OF TUMOR-ASSOCIATED 
AUTOANTIBODIES IN IMMUNE SURVEILLANCE 

The immune system, which is composed of a variety of in- 
ter-dependent mechanisms, collectively defends the body from 
external agents such as bacterial and viral infections. The can- 
cer cells, which divide and grow uncontrollably, forming ma- 
lignant tumors, and invade nearby parts of the body, are anoth- 
er important target of the immune system, although tumori- 
genesis is an internal process. Tumor cell remodeling in the 
process of tumorigenesis causes changes in proteins ex- 
pression patterns and in tumor microenvironments, accom- 
panied with the secretion of proteins different from those of 
normal cells. Microvesicles shedding from tumor cells and in- 
tracellular proteins released from dead tumor cells also influ- 
ence the tumor microenvironment, which may be recognized 
by the defense system as external agents and elicit humoral as 
well as cellular immune responses (8, 9). In addition to the im- 
mune response recognizing and preventing the development 
of cancer, much evidence now suggests that the immune sys- 
tem interacts with cancer to promote and direct tumor growth 
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(10, 11). The interplay between the immune system and 
pre-cancerous and cancer cells seems to be an inevitable part 
for tumorigenesis. 

The stages and mechanisms of how cancer and the immune 
system interact have been termed as 'immunosurveillance', 
which is divided into three phases encompassing elimination, 
escape and equilibrium, and immunosubversion (12, 13). In 
the elimination phase, the immune system recognizes pre-can- 
cerous cells and destroys cancer precursors (14). The immune 
response induced by natural killer group 2D (NKG2D) ligands 
on cancer cells and its specific receptor on natural killer (NK) 
cells or subsets of T-cells is a typical type of tumor elimination 
process (15, 16). NKG2D-deficient mice have been shown to 
be defective in tumor surveillance (17). After the first elimi- 
nation of immuno-stimulatory tumor cells, poorly immuno- 
genic tumor cell variants seem to be primed to escape the im- 
mune system and to reach a state of equilibrium with the host 
defense system. In this phase, the robustness of the tumor for 
continual survival and growth within an immune-competent 
environment seems to be determined (12). There are evi- 
dences supporting the immune surveillance hypothesis in hu- 
man cancers, although it is difficult to analyze directly. It has 
been noted that immunosuppressed individuals have high in- 
cidences of cancer subtypes (18). In colorectal cancer, the 
cells expressing NKG2D ligands were decreased with tumor 
stage progressively (15). Lastly, immunosubversion is a process 
by which cancer cells actively suppresses the immune 
response. Dendritic cells (DC), the most important antigen pre- 
senting cells, are critical regulators of adaptive T- and B-cell 
immune responses as well as natural killer cell activation (10). 
DC differentiation and maturation is shown to be suppressed 
by high levels of vascular endothelial growth factor (VEGF), 
which is known to be produced by tumor cells. VEGF also acts 
as a potent stimulator of immature dendritic cells (iDCs) result- 
ing in recruitment from bone marrow to the tumor site. iDCs 
further contribute to immunosubversion by inducing T-cell 
dysfunction (19). Other tumor-derived factors, such as IL-6, 
M-CSF and IL-1 (3, also recruit myeloid suppressor cells (MSCs), 
and act to prevent maturation of the MSCs into dendritic cells. 
An increased number of MSCs then act upon tumor specific 
T-cells, inhibiting the T-cell responses through nitric-oxide 
(NO) synthesis (14), which may tip the balance in favor of a 
pro-tumor environment (20). Using such mechanisms, tumor 
cells can have an immunosuppressive effect on the local 
microenvironment. 

As such different mechanisms relating the interplay between 
the immune system and cancer cells are involved in the course 
of tumor progression, the immunoproteomics approaches have 
been performed to identify the different components of these 
processes for the improvement of understanding, prevention, 
diagnosis, staging and treatment of cancer. The development 
pattern of tumor-associated autoantigens and their specific au- 
toantibodies in the process of tumorigenesis is an important as- 
pect of immunoproteomics. The early development of tu- 



mor-specific autoantibodies implies their possible roles in the 
elimination step of immunosurveillance. However, most of the 
autoantibodies identified in cancer have showed low titer and 
are ineffective for stimulating effector functions, which seems 
to be the result of immune suppression or tolerance induced 
by tumor cells in escape and equilibrium steps of immuno- 
surveillance. Therefore, further understanding of the early 
processes of tumorigenesis and related autoantibodies might 
show important implications for tumor biology and, from these 
results, additional biomarkers that could potentially assist in 
improved diagnosis or treatment will be identified (8). 

PROFILING OF TUMOR-ASSOCIATED AUTOANTIBODIES 

Hundreds of TAAs that elicit autoantibodies have been identi- 
fied after the first report on the immune response to solid tu- 
mors by Baldwin (1), and in recent years, due to the develop- 
ment of new proteomic technologies, there have been more 
studies profiling cancer patient sera for the detection of tumor 
associated antigens (21). Earlier studies on TAAs have focused 
on a few antigens at a time, using techniques such as one di- 
mensional sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis or enzyme-linked immunosorbent assay (ELISA). 
Improved technologies using proteomics platforms have en- 
abled many TAAs to be discovered concomitantly (Fig. 1). 
These approaches are useful to screen large numbers of anti- 
gens at once with small numbers of sera and can be used for 
the generation of a panel of TAAs that exhibit better diagnostic 
value than a single TAA marker (7), although they are labor 
and cost intensive. The pros and cons of these methods are as 
follows. 

Serological analysis of tumor antigens by recombinant cDN A 
expression cloning (SEREX) 

SEREX involves the identification of TAAs by screening patient 
sera against a cDNA expression library obtained from the au- 
tologous tumor tissues. By using SEREX, Sahin et a/. (22) first 
showed that cancer-testis antigens (CTAs) elicited a humoral 
response in cancer patients. Subsequently, a large number of 
TAAs associated with numerous cancer types have been iden- 
tified using this method. The panel of SEREX-defined immuno- 
genic tumor antigens includes CTAs (e.g. NY-ESO-1, SSX2, 
MAGE), mutational antigens (e.g. p53), differentiation antigens 
(e.g. tyrosinase, SOX2, ZIC2) and embryonic proteins (23-25). 
Many of these TAAs are potential serological biomarkers, al- 
though several are reported to have low sensitivity. SEREX 
methods have some limitations to identify autoantigens (9). 
First, recombinant cDNA expression clones are gene products 
expressed in bacteria, which present linear epitopes only. In 
addition, they do not display post-translational modifications 
(PTMs), such as glycosylation, acetylation, phosphorylation 
and proteolytic cleavage, which are known to be important for 
neo-antigenicity of tumor-associated proteins. Second, as the 
cDNA expression clones are constructed from a tumor tissue 
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Fig. 1. Systematic approaches for iden- 
tifying tumor-associated autoantibodies. 



specimen, SEREX is limited to identifying TAAs from the tumor 
of one patient. Owing to the heterogeneity of gene expression 
in the different cell types in tumor tissues, the cDNA ex- 
pression library derived from one patient is not sufficient to 
identify TAA candidates. Improvements to the SEREX approach 
have been made by the combination with solution-based 
phage-display technologies or by using eukaryotic expression 
systems (e.g. yeast, baculovirus system) (26), or by enlarging 
the repertoire of the cDNA expression library. 

Serological proteome analysis (SERPA) 

Another commonly used technique for the identification of 
TAAs is the proteomics-based approach termed 'SERPA' (27), 
which involves the discovery of TAAs using a combination of 
two dimensional (2D) electrophoresis, western blotting and 
mass spectrometry (MS) (2, 9). Proteins from tumor tissues or 
cell lines are separated by 2D electrophoresis, transferred onto 
membranes by electro-blotting and subsequently probed with 
sera from healthy individuals or patients with cancer. Then the 
respective immunoreactive profiles are compared and the can- 
cer-associated antigenic spots are identified by MS. TAAs first- 
ly identified by SERPA were SM22-alpha and several members 
of the cytoskeletal family (such as cytokeratin 8, stathmin and 
vimentin) in kidney cancer patients (27). The drawbacks of 
SERPA are related to the inherent limitations of 2D electro- 
phoresis. These include bias to abundant proteins, limitations 
in resolving certain classes of proteins (e.g. membrane pro- 
teins) and difficulty in producing reproducible 2D gels (28). In 
addition, because of the way that western blots are prepared, 
only sequential epitopes can be detected. 

Multiple affinity protein profiling (MAPPing) 

MAPPing involves 2D immunoaffinity chromatography fol- 



lowed by the identification of TAAs by tandem MS (nano-LC 
MS/MS) (29). In the first phase of immunoaffinity chromatog- 
raphy, nonspecific TAAs in a cancer cell line or tumor tissue 
lysate bind to immunoglobulin G (IgG) obtained from healthy 
controls in the immunoaffinity column and are removed from 
the lysate. The pre-cleared lysate is then subjected to the 2D 
immunoaffinity column that contains IgG from cancer patients. 
TAAs which bind at the second phase are likely to be can- 
cer-specific and are eluted for enzymatic digestion and identi- 
fication by tandem MS. Hardouin et al. used this approach to 
screen sera for autoantibodies from patients with colorectal 
cancer (29). MAPPing maintains tumor antigen in solution, al- 
lowing for the potential identification of conformational 
epitopes. However, immunoprecipitation using affinity col- 
umns often restricted the discovery of TAAs to antibody inter- 
actions with low dissociation rate constant. 

Reverse-capture microarray 

Ehrlich et al. (30) presented a 'reverse-capture microarray' 
method based on a dual-antibody sandwich ELISA. Cancer cell 
lysates or tumor lysates are incubated with commercial anti- 
body arrays so that each antigen is immobilized on a different 
spot in their native configurations. Meanwhile, IgGs from pa- 
tient and control sera are purified and labeled with different flu- 
orescent dyes and then incubated with the antigen-bound 
microarrays. This allows the instant identification of cancer-spe- 
cific autoantibodies using native antigens expressed in tumor 
cells, which allows for the detection of TAAs presenting 
post-translational modifications. TAAs encompassing von 
Willebrand Factor, IgM, alphal-antichymotrypsin, villin and 
IgG were identified by screening prostate cancer sera against 
an array containing 184 antibodies (31). Qin et al. (32) also 
identified 48 TAAs from prostate cancer sera using re- 
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verse-capture microarray, including p53 and Myc. However, 
the only known antigens with commercially available anti- 
bodies can be analyzed using reverse-capture microarray, 
which is appropriate for the validation rather than the discovery 
of biomarkers. 

Protein microarrays 

Protein microarrays constitute a quick and convenient technol- 
ogy for characterizing humoral immune response in serum 
(33, 34). The array platforms can be two dimensional (e.g. 
glass slides, nitrocellulose membranes and microtiter plates) or 
three dimensional (e.g. beads and nano-particles) (9). Recom- 
binant proteins, fractionated proteins from cancer cell lysate or 
synthetic peptides are spotted systematically onto microarrays 
and then incubated with specific sera (2, 3). Because of its 
miniature platform, the amount of samples and reagents need- 
ed are greatly reduced. Protein array technology enables the 
identification of antigens in native configuration and especially 
useful for the discovery of post-translationally modified 
antigens. Because the microarray technology provides multi- 
plexed analyses of thousands of proteins, this method permits 
high-throughput identification of TAA signatures for the devel- 
opment of cancer diagnostics (9). Sera autoantibodies against 
ubiquitin C-terminal hydrolase L3 were identified in colon 
cancer patients by fractionating cancer cell lysate onto a nitro- 
cellulose-based array (35). 



THE PROPERTIES OF TAAS AND GENERATION OF 
SPECIFIC HUMORAL IMMUNE RESPONSE 

Hundreds of TAAs have been identified in many cancers using 
systematic profiling methods. The list of TAAs includes onco- 
proteins (e.g. HER-2/Neu, ras and c-MYC), tumor suppressor 
proteins (e.g. p53), survival proteins (e.g. surviving), cell cycle 
regulatory proteins (e.g. cyclin B1), mitosis-associated proteins 
(e.g. centromere protein F), mRNA-binding proteins (e.g. p62, 
IMP1, and Koc), and differentiation and CTAs (e.g. tyrosinase 
and NY-ESO-1X36, 37: and the latest results in Table 1 and 2). 
In cancer, TAAs show post-translational modifications, aber- 
rant localization or overexpression, which might confer 
neo-antigenicity to TAAs (3). However, it is not entirely clear 
how modifications of antigens trigger the humoral response, 
especially when TAAs are intracellular proteins which do not 
elicit the immune defense system at normal states. One hy- 
pothesis involves aberrant tumor cell death, when the modi- 
fied intracellular proteins are released from tumor cells and are 
presented to the immune system in an inflammatory environ- 
ment (22, 38). Tumor cell death also releases proteases that 
would generate cryptic self-epitopes to trigger an immune 
response. Another hypothesis is based on tumor cell micro- 
vesicle (MV) shedding (39). The bioactive cargo of MVs in- 
cludes growth factors and their receptors, proteases, adhesion 
molecules, signaling molecules, as well as DNA, mRNA, and 
micro-RNA (miRs) sequences (40). Tumor cells emit large 
quantities of MVs containing pro-coagulant, growth regulatory 
and oncogenic cargo (oncosomes), which can be transferred 



Table 1. Tumor-associated antigens evaluated as diagnostic marker 3 



Tumor-associated autoantigens 


Patient 
number 


Tumor type 


Validation 
method 


Specificity/ 
Sensitivity (%) 


Ref. 


Phage display clones (N = 45) 


235 


Gastric cancer 


Microarray 


89.7/58.7 


(61) 


ABCC3 


114 


ESCC 


ELISA 


> 95/1 3.2 


(62) 


HSP60, p53, Her2-Fc, NY-ESO-1, HSP70 


29 


Breast cancer 


Microarray 


82.7/- 


(63) 


NY-ESO-1, XAGE-1, ADAM29, MAG EC 1 


94 


NSCLC 


Microarray 


89/36 


(64) 


GAL3, PAK2, PHB2, RACK1, RUVBL1 


182 


Breast cancer 


ELISA 


84/66 


(65) 


A1AT 


25 


Breast cancer 


WB 


-/96 


(66) 


NOLC1, MALAT1, HMMR, SMOX 


65 


NSCLC 


ELISA 


60/66.7 


(67) 


GRP78, AFP 


76 


HCC 


ELISA 


-/71.4 


(68) 


Ku86 


58 


HCC 


ELISA 


90/60.7 


(69) 


Lymphocyte antigen 6 complex locus K (LY6K) 


62 


ESCC 


ELISA 


78.7/80.6 


(70) 


p53, NY-ESO-1, CAGE, GBU4-5, SOX2, HuD, MAGE A4 


235 


Lung cancer 


ELISA 


91/41 


(71) 


BMI-1 


67 


Cervical cancer 


ELISA 


76/78 


(72) 


p53, p16, p62, survivin, Koc, IMP1 


23 


Pancreatic cancer 


ELISA 


87/60.9 


(73) 


Phage display clones (N = 5) 


60 


Colon cancer 


ELISA 


91.7-93.3/90-92.7 


(74) 


RPH3AL 


84 


Colon cancer 


WB 


84.1 /72.6 


(75) 


NY-ESO-1, SSX-2,4, XAGE-1 b, AMACR, p90, LEDGF + PSA 


131 


Prostate cancer 


seroMAP 


84/79 


(76) 


MMP-7 


50 


ESCC 


ELISA 


81/78 


(77) 


SEC61B 


86 


Colon cancer 


WB 


75/79 


(78) 


STK4/MST1, SULF1, NHSL1, SREBF2, GRN, GTF2 


50 


Colon cancer 


ELISA 


73.9/72 


(79) 


p53, NY-ESO-1, CAGE, Hu-D, SOX2, Annexin I, GBU4-5 


243 


SCLC 


ELISA 


99/42 


(80) 


Prgrammable protein clones (N = 28) 


51 


Breast cancer 


Microarray 


61.6/80.8 


(81) 



a An updated list of the most recent studies (201 1-present). 
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Table 2 Tumor-associated antigens evaluated as prognostic marker 3 



Autoantigens 


Number of patients 


Tumor type 


Prognosis 


Ref. 


ENOAl,2 


120 


Pancreatic cancer 


Increased survival 


(82) 


MUC1 


28 


Ovarian 


Decreased survival 


(83) 


MUC1 


395 


Breast 


Increased survival 


(84) 


EpCAM 


84 


Ovarian 


None 


(85) 


ALK 


95 


Anaplastic large cell lymphoma 


Decreased recurrence 


(86) 


CDC25B phosphatase 


134 


Esophageal cancer 


Decreased survival 


(87) 


p53 


120 


Ovarian cancer 


Increased survival 


(88) 


Panel of 29 antigens 


60/59 


Ovarian cancer/Pancreatic cancer 


Increased survival 


(89) 


MIA 


34 


Pancreatic cancer 


Increased survival 


(90) 



''An updated list of the most recent studies (2010-present). 



throughout the cancer cell population and to non-transformed 
stromal cells. MVs which are not taken up by neighboring 
cells would disperse into blood and could stimulate humoral 
immune responses. Oncogene products and RNA binding pro- 
teins, which are typical example of TAAs, are suggested as 
components of MVs. Tissue remodeling at the site of tumouri- 
genesis can be another event conferring TAAs (8). Besides 
these, innate secretory oncofetal proteins aberrantly expressed 
in various tumors (e.g. AFP, PSA, CEA, CA 15-3) are also well 
known TAAs (41). TAAs described above seem to encompass a 
large portion of tumor proteomes. Therefore, researchers ex- 
pect that TAA panels would serve early molecular signatures 
for diagnosis and prognosis of cancer patients. Also the identi- 
fication and functional characterization of these immuno- 
logical signatures for cellular mechanisms associated with tu- 
morigenesis would be useful to uncover the early molecular 
events of carcinogenesis (2, 42). 

CLINICAL UTILITY OF TUMOR-ASSOCIATED 
AUTOANTIBODIES 

As one of adaptive immune response, antibodies serve multi- 
ple functions to prevent pathogenic infections. However, the 
function of tumor-associated autoantibodies, which bind 
self-antigens and have escaped self-tolerance, is generally 
unknown. Autoantibodies can mediate antibody-dependent 
cell mediated cytotoxicity (ADCC) and complement-depend- 
ent cytotoxicity (CDC). They can also enhance antigen cross- 
presentation and activation of T lymphocytes. Also, autoanti- 
bodies against cell surface receptors or growth factors can in- 
terfere in receptor/I igand interactions. For example, HER2/neu- 
specific autoantibodies can interfere in signal transduction via 
HER-2/neu and its phosphorylation (43). In spite of the fact that 
innate functions of autoantibodies are undefined, the immune 
system can act as an extremely sensitive reporter for identi- 
fication of new altered proteins that are different from self-pro- 
teins (44). 

Tumor-associated autoantibodies as diagnosis markers 

The ideal target for the early diagnosis and prognosis of cancer 



is a biomarker detected in blood, which can be utilized in a 
simple and inexpensive manner. Therefore, many studies to 
identify molecular changes (especially, elevation of tumor-cell 
derived proteins) in blood were conducted for several 
decades. However, despites these efforts, most of protein 
markers do not pass the clinical trials. There are several rea- 
sons for this, including short half-lives and low levels of tumor 
antigen proteins in blood, as well as heterogeneity of tumor 
cell proteomes. 

Tumor-associated autoantibodies have a number of advan- 
tages over traditional protein biomarkers (8). Contrary to the 
short-lived changes of tumor-antigens in serum, the antibody 
molecule is stable in the blood and antibody response is 
enduring. Moreover, the nature of an antibody amplification 
response to an antigen means that even a relatively small 
quantity of antigen can trigger a larger immune response that 
is reflected in relative antibody concentrations (45). Because of 
these advantages, the autoantibodies are useful as biomarkers 
and can be applied to cost-efficient and diagnostically and 
clinically relevant assays, such as ELISAs. Another important 
aspect of autoantibodies as biomarkers is that assays for TAAs 
can be easily combined to establish a panel for the multiplex 
detection of tumor-associated antibody biomarkers, which 
might suggest a way to overcome the heterogenicity of tumor 
cell proteomes. 

A combined analysis of autoantibodies to p53, HER-2, 
IGFBP-2, and TOP02a increased both diagnostic specificity 
and sensitivity of up to 75% for breast cancer patients (46). 
Recently, a diagnostic assay using five autoantigens (p53, 
NY-ESO-1, CAGE, GBU4-5, Annexin 1) was performed over 
600 patients with lung cancer, which showed a remarkable 
90% specificity, while sensitivity remained relatively low with 
40% (47). Now, most studies for the discovery of tumor- asso- 
ciated autoantibodies are performed using proteomics ap- 
proach and the combined assay of different autoantibodies is 
suggested as a promising approach for the diagnosis of cancer 
(Table 1). 

Tumor-associated autoantibodies as prognosis markers 

Prognostic biomarkers that predict cancer recurrence and sur- 
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vival are crucial for targeting therapies to high-risk populations 
(48). Clinical parameters, such as tumor-node-metastasis stag- 
ing and tumor grade/differentiation, are routinely used for risk 
stratification in clinical practice. Molecular prognostic markers 
that measure gene expression within primary tumor specimens 
have broad applications for multiple cancer types, and have 
revealed fundamental differences in tumor biology between 
cancers with similar histology (49). Although tumor anti- 
gen-specific autoantibodies, as described above, have been 
suggested as a reporter of cancer progression, few autoanti- 
bodies have been assessed as prognostic biomarkers of cancer 
(48, 50). 

Autoantibody against tumor suppressor p53 probably has 
most extensively been studied with regard to its prognostic 
value. Several small studies yielded variable results, ranging 
between a missing effect and a negative influence on the pa- 
tients' outcome (51). Interestingly, one larger study performed 
in hepatocellular carcinoma patients suggested that the pres- 
ence of p53-specific autoantibodies might be associated with 
an increased overall survival (52). On the contrary, a number 
of other large studies in breast, lung, colon and oral cancer pa- 
tients clearly highlighted the correlation between the presence 
of p53-specific autoantibodies and decreased overall and pro- 
gression-free survival (53). As shown in other reports (48, 50) 
and in Table 2, the results correlating autoantibodies and clin- 
ical prognosis are mixed. 

Tumor-associated autoantibodies in personalized cancer 
therapy 

The immune system can act as an extremely sensitive reporter 
for identification of new altered proteins that are different from 
self-proteins. Therefore, this strategy may help to detect pro- 
teins that undergo alterations during the tumorigenesis. In ad- 
dition, these proteins might become interesting therapeutic tar- 
gets (36, 44, 54, 55). Various anti- tumor vaccination strategies 
that involve humoral and cellular immune responses to TAAs 
have been studied. These cancer immunotherapies have been 
shown to target tumors without affecting normal tissues or re- 
sulting in adverse side-effects (56, 57). However, patient heter- 
ogeneity often results in a contradictory response to im- 
munotherapy (58, 90). Thus, personalized profiles of TAAs and 
autoantibodies should be used to identify therapeutic targets to 
develop vaccines for targeted immunotherapy against cancer. 

CONCLUSION & PROSPECTIVES 

The mechanisms underlying the emergence of tumor-associa- 
ted autoantibodies and the regulation of their production are 
not completely understood. However, accumulating evidence 
about TAAs and characterization of TAAs would lead us to un- 
derstand the process of tumorigenesis and interaction between 
tumor cells and immune system more precisely. In spite of the 
incomplete understanding of autoimmune response against tu- 
mor, autoantibodies can be used as a reporter identifying aber- 



rant de novo or dysregulated cellular mechanisms (59). The es- 
tablishment of more precise time lines to determine when au- 
toantibodies to these TAAs appear as early predictors of cancer 
and whether anti-TAA antibody expression varies with pro- 
gression or response to treatment is also necessary in further 
study. In addition to its use for early diagnosis of tumor, the 
potential utility of TAA-autoantibody systems as biomarker 
tools to monitor therapeutic outcomes or as indicators of dis- 
ease prognosis has been explored. Moreover, the association 
of individual mutations with antibody responses might be used 
to tailor treatment according to individual variations (44). The 
use of autoantibody profiles has already demonstrated the ca- 
pacity to classify clinically challenging cohorts of prostate can- 
cer patients (60). This classification can be useful for personal- 
ized medicine. 

Acknowledgements 

This work was supported by KRIBB Research Initiative Program 
(KGM3231211). 

REFERENCES 

1. Baldwin, R. W. (1966) Tumour-specific immunity against 
spontaneous rat tumours. Int. ]. Cancer 1, 257-264. 

2. Anderson, K. S. and LaBaer, J. (2005) The sentinel within: 
exploiting the immune system for cancer biomarkers. ]. 
Proteome Res. 4, 1 1 23-1 1 33. 

3. Caron, M., Choquet-Kastylevsky, G. and Joubert-Caron, R. 
(2007) Cancer immunomics using autoantibody signatures 
for biomarker discovery. Mol. Cell Proteomics 6, 
1115-1122. 

4. Gunawardana, C. G. and Diamandis, E. P. (2007) High 
throughput proteomic strategies for identifying tu- 
mour-associated antigens. Cancer Lett. 249, 110-119. 

5. Won, C. H., Kwon, O. S., Kang, Y. J., Yoo, H. G., Lee, D. H., 
Chung, J. H., Kim, K. H., Park, W. S., Park, N. H., Cho, K., 
Kwon, S. O., Choi, J. S. and Eun, H. C. (2012) Comparative 
secretome analysis of human follicular dermal papilla cells 
and fibroblasts using shotgun proteomics. BMB Rep. 45, 
253-258. 

6. Kang, J. G., Ko, J. H. and Kim, Y. S. (201 1) Pros and cons of 
using aberrant glycosylation as companion biomarkers for 
therapeutics in cancer. BMB Rep. 44,765-771. 

7. Zhang, J. Y., Casiano, C. A., Peng, X. X., Koziol, J. A., Chan, 
E. K. and Tan, E. M. (2003) Enhancement of antibody de- 
tection in cancer using panel of recombinant tu- 
mor-associated antigens. Cancer Epidemiol. Biomarkers 
Prev. 12, 136-143. 

8. Murphy, M. A., O'Leary, J. J. and Cahill, D. J. (2012) 
Assessment of the humoral immune response to cancer. J. 
Proteomics 75, 4573-4579. 

9. Tan, H. T., Low, J., Lim, S. G. and Chung, M. C. (2009) 
Serum autoantibodies as biomarkers for early cancer 
detection. FEBS /. 276, 6880-6904. 

10. Chaput, N., Conforti, R., Viaud, S., Spatz, A. and Zitvogel, 
L. (2008) The Janus face of dendritic cells in cancer. 
Oncogene 27, 5920-5931 . 

11. Whiteside, T. L. (2008) The tumor microenvironment and 



682 BMB Reports 



http://bmbreports.org 



Tumor-associated autoantibodies as diagnostic and prognostic biomarkers 

Chang-Kyu Heo, et a/. 



its role in promoting tumor growth. Oncogene 27, 
5904-5912. 

12. Dunn, G. P., Bruce, A. T., Ikeda, H., Old, L. J. and 
Schreiber, R. D. (2002) Cancer immunoediting: from im- 
munosurveillance to tumor escape. Nat. Immunol. 3, 
991-998. 

1 3. Dunn, G. P., Old, L. J. and Schreiber, R. D. (2004) The three 
Es of cancer immunoediting. Annu. Rev. Immunol. 22, 
329-360. 

14. Zitvogel, L, Tesniere, A. and Kroemer, G. (2006) Cancer 
despite immunosurveillance: immunoselection and im- 
munosubversion. Nat. Rev. Immunol. 6, 715-727. 

15. McGilvray, R. W., Eagle, R. A., Watson, N. F., Al-Attar, A, 
Ball, G., Jafferji, I., Trowsdale, J. and Durrant, L. G. (2009) 
NKG2D ligand expression in human colorectal cancer re- 
veals associations with prognosis and evidence for 
immunoediting. Clin. Cancer Res. 15, 6993-7002. 

16. Waldhauer, I. and Steinle, A. (2008) NK cells and cancer 
immunosurveillance. Oncogene 27, 5932-5943. 

17. Guerra, N., Tan, Y. X., Joncker, N. T., Choy, A., Gallardo, 

F. , Xiong, N., Knoblaugh, S., Cado, D., Greenberg, N. M. 
and Raulet, D. H. (2008) NKG2D-deficient mice are de- 
fective in tumor surveillance in models of spontaneous ma- 
lignancy. Immunity 28, 571-580. 

18. Salavoura, K., Kolialexi, A., Tsangaris, G. and Mavrou, A. 
(2008) Development of cancer in patients with primary 
immunodeficiencies. Anticancer Res. 28, 1263-1269. 

19. Yigit, R., Massuger, L F., Figdor, C. G. and Torensma, R. 
(201 0) Ovarian cancer creates a suppressive microenviron- 
ment to escape immune elimination. Gynecol. Oncol. 117, 
366-372. 

20. Lechner, M., Lirk, P. and Rieder, J. (2005). Inducible nitric 
oxide synthase (iNOS) in tumor biology: the two sides of the 
same coin. Semin. Cancer Biol. 15, 277-289. 

21 . Ran, Y., Hu, H., Zhou, Z., Yu, L, Sun, L, Pan, J., Liu, J. and 
Yang, Z. (2008) Profiling tumor-associated autoantibodies 
for the detection of colon cancer. Clin. Cancer Res. 14, 
2696-2700. 

22. Sahin, U., Tureci, O., Schmitt, H., Cochlovius, B., 
Johannes, T., Schmits, R., Stenner, F., Luo, G., Schobert, I. 
and Pfreundschuh, M. (1995) Human neoplasms elicit mul- 
tiple specific immune responses in the autologous host. 
Proc. Natl. Acad. Sci. U.S.A. 92, 1 1810-1 1813. 

23. Stockert, E., Jager, E., Chen, Y. T., Scanlan, M. J., Gout, I., 
Karbach, J., Arand, M., Knuth, A. and Old, L. J. (1 998) A sur- 
vey of the humoral immune response of cancer patients to a 
panel of human tumor antigens, j. Exp. Med. 187, 
1349-1354. 

24. Chen, Y., Lin, P., Qiu, S., Peng, X. X., Looi, K., Farquhar, M. 

G. and Zhang, J. Y. (2007) Autoantibodies to Ca2 + binding 
protein Calnuc is a potential marker in colon cancer 
detection. Int. ]. Oncol. 30, 1 1 37-1 144. 

25. Gure, A. O., Stockert, E., Scanlan, M. J., Keresztes, R. S., 
Jager, D., Altorki, N. K., Old, L. J. and Chen, Y. T. (2000) 
Serological identification of embryonic neural proteins as 
highly immunogenic tumor antigens in small cell lung 
cancer. Proc. Natl. Acad. Sci. U.S.A. 97, 4198-4203. 

26. Fernandez-Madrid, F., Tang, N., Alansari, H., Granda, J. L., 
Tait, L., Amirikia, K. C, Moroianu, M., Wang, X. and 
Karvonen, R. L. (2004) Autoantibodies to annexin xi-a and 



other autoantigens in the diagnosis of breast cancer. Cancer 
Res. 64, 5089-5096. 

27. Klade, C. S., Voss, T., Krystek, E., Ahorn, H., Zatloukal, K., 
Pummer, K. and Adolf, G. R. (2001) Identification of tumor 
antigens in renal cell carcinoma by serological proteome 
analysis. Proteomics 1, 890-898. 

28. Canelle, L., Bousquet, J., Pionneau, C, Deneux, L., 
Imam-Sghiouar, N., Caron, M. and Joubert-Caron, R. (2005) 
An efficient proteomics-based approach for the screening of 
autoantibodies. /. Immunol. Methods 299, 77-89. 

29. Hardouin, J., Lasserre, J. P., Canelle, L., Duchateau, M., 
Vlieghe, C, Choquet-Kastylevsky, O, Joubert-Caron, R. 
and Caron, M. (2007) Usefulness of autoantigens depletion 
to detect autoantibody signatures by multiple affinity pro- 
tein profiling. ]. Sep. Sci. 30, 352-358. 

30. Ehrlich, J. R., Qin, S. and Liu, B. C. (2006) The 'reverse cap- 
ture' autoantibody microarray: a native antigen-based plat- 
form for autoantibody profiling. Nat. Protoc. 1, 452-460. 

31. Miller, J. C, Zhou, H., Kwekel, J., Cavallo, R., Burke, J., 
Butler, E. B., Teh, B. S. and Haab, B. B. (2003) Antibody mi- 
croarray profiling of human prostate cancer sera: antibody 
screening and identification of potential biomarkers. 
Proteomics 3, 56-63. 

32. Qin, S., Qiu, W., Ehrlich, J. R., Ferdinand, A. S., Richie, J. P., 
O'Leary, M. P., Lee, M. L. and Liu, B. C. (2006) 
Development of a "reverse capture" autoantibody micro- 
array for studies of antigen-autoantibody profiling. 
Proteomics 6, 3199-3209. 

33. Bouwman, K., Qiu, J., Zhou, H., Schotanus, M., Mangold, 
L. A., Vogt, R., Erlandson, E., Trenkle, J., Parti n, A. W., 
Misek, D., Omenn, G. S., Haab, B. B. and Hanash, S. (2003) 
Microarrays of tumor cell derived proteins uncover a dis- 
tinct pattern of prostate cancer serum immunoreactivity. 
Proteomics 3, 2200-2207. 

34. Kijanka, G. and Murphy, D. (2009) Protein arrays as tools 
for serum autoantibody marker discovery in cancer. /. 
Proteomics 72, 936-944. 

35. Nam, M. J., Madoz-Gurpide, J., Wang, H., Lescure, P., 
Schmalbach, C. E., Zhao, R., Misek, D. E., Kuick, R., 
Brenner, D. E. and Hanash, S. M. (2003) Molecular profiling 
of the immune response in colon cancer using protein mi- 
croarrays: occurrence of autoantibodies to ubiquitin C-ter- 
minal hydrolase L3. Proteomics 3, 2108-21 15. 

36. Tan, E. M. and Zhang, J. (2008) Autoantibodies to tu- 
mor-associated antigens: reporters from the immune 
system. Immunol. Rev. 222, 328-340. 

37. Desmetz, C, Mange, A, Maudelonde, T. and Solassol, J. 
(201 1 ) Autoantibody signatures: progress and perspectives for 
early cancer detection. /. Cell Mol. Med. 15, 201 3-2024. 

38. Fernandez Madrid, F. (2005). Autoantibodies in breast can- 
cer sera: candidate biomarkers and reporters of 
tumorigenesis. Cancer Lett. 230, 187-198. 

39. Cocucci, E., Racchetti, G. and Meldolesi, J. (2009) 
Shedding microvesicles: artefacts no more. Trends Cell 
Biol. 19, 43-51. 

40. D'Souza-Schorey, C. and Clancy, J. W. (2012) Tumor-de- 
rived microvesicles: shedding light on novel microenviron- 
ment modulators and prospective cancer biomarkers. 
Genes Dev. 26, 1287-1299. 

41 . Nesterova, M., Johnson, N., Cheadle, C. and Cho-Chung, Y. 



http://bmbreports.org 



BMB Reports 683 



Tumor-associated autoantibodies as diagnostic and prognostic biomarkers 
Chang-Kyu Heo, et a/. 



S. (2006) Autoantibody biomarker opens a new gateway for 
cancer diagnosis. Biochim. Biophys. Acta. 1762, 398-403. 

42. Tan, E. M. (2001) Autoantibodies as reporters identifying 
aberrant cellular mechanisms in tumorigenesis. /. Clin. 
Invest. 108, 1411-1415. 

43. Montgomery, R. B., Makary, E., Schiffman, K., Goodell, V. 
and Disis, M. L. (2005) Endogenous anti-HER2 antibodies 
block HER2 phosphorylation and signaling through ex- 
tracellular signal-regulated kinase. Cancer Res. 65, 
650-656. 

44. Casal, J. I. and Barderas, R. (2010) Identification of cancer 
autoantigens in serum: toward diagnostic/prognostic test- 
ing? Mol. Diagn. Ther. 14, 149-154. 

45. Hanash, S. (2003) Harnessing immunity for cancer marker 
discovery. Nat. Biotechnol. 21, 37-38. 

46. Lu, H., Goodell, V. and Disis, M. L. (2008) Humoral im- 
munity directed against tumor-associated antigens as poten- 
tial biomarkers for the early diagnosis of cancer. /. Proteome 
Res. 7, 1 388-1 394. 

47. Murray, A., Chapman, C. J., Healey, G., Peek, L. J., Parsons, 

G. , Baldwin, D., Barnes, A., Sewell, H. F., Fritsche, H. A. 
and Robertson, J. F. (2010) Technical validation of an auto- 
antibody test for lung cancer. Ann. Oncol. 21, 1687-1693. 

48. Jaras, K. and Anderson, K. (201 1) Autoantibodies in cancer: 
prognostic biomarkers and immune activation. Expert Rev. 
Proteomics 8, 577-589. 

49. Sotiriou, C. and Pusztai, L. (2009) Gene-expression sig- 
natures in breast cancer. N. Engl. \. Med. 360, 790-800. 

50. Kobold, S., Luetkens, T., Cao, Y., Bokemeyer, C. and 
Atanackovic, D. (2010) Prognostic and diagnostic value of 
spontaneous tumor-related antibodies. Clin. Dev. 
Immunol. 2010, 721531. 

51. Angelopoulou, K. and Diamandis, E. P. (1997) Detection of 
the TP53 tumour suppressor gene product and p53 au- 
to-antibodies in the ascites of women with ovarian cancer. 
Eur. ]. Cancer 33, 115-121. 

52. Tangkijvanich, P., Janchai, A., Charuruks, N., Kullavani- 
jaya, P., Theamboonlers, A., Hirsch, P. and Poovorawan, Y. 

(2000) Clinical associations and prognostic significance of 
serum anti-p53 antibodies in Thai patients with hep- 
atocellular carcinoma. Asian Pac. J. Allergy Immunol. 18, 
237-243. 

53. Tang, R., Ko, M. C, Wang, J. Y., Changchien, C. R., Chen, 

H. H., Chen, J. S., Hsu, K. C, Chiang, J. M. and Hsieh, L. L. 

(2001) Humoral response to p53 in human colorectal tu- 
mors: a prospective study of 1 , 209 patients. Int. j. Cancer 
94, 859-863. 

54. Knutson, K. L. and Disis, M. L. (2005) Tumor antigen-specific 
T helper cells in cancer immunity and immunotherapy. 
Cancer Immunol. Immunother. 54, 721-728. 

55. Rosenberg, S. A. (1997) Cancer vaccines based on the iden- 
tification of genes encoding cancer regression antigens. 
Immunol. Today 18, 175-182. 

56. Fuessel, S., Meye, A., Schmitz, M., Zastrow, S., Linne, C, 
Richter, K., Lobel, B., Hakenberg, O. W., Hoelig, K., Rieber, 
E. P. and Wirth, M. P. (2006) Vaccination of hormone-re- 
fractory prostate cancer patients with peptide cock- 
tail-loaded dendritic cells: results of a phase I clinical trial. 
Prostate 66, 811-821. 

57. Slovin, S. F., Ragupathi, G., Fernandez, C, Diani, M., 



Jefferson, M. P., Wilton, A., Kelly, W. K., Morris, M., Sol it, 
D., Clausen, H., Livingston, P. and Scher, H. I. (2007) A pol- 
yvalent vaccine for high-risk prostate patients: "are more an- 
tigens better?". Cancer Immunol. Immunother. 56, 
1921-1930. 

58. Neller, M. A., Lopez, J. A. and Schmidt, C. W. (2008) 
Antigens for cancer immunotherapy. Semin. Immunol. 20, 
286-295. 

59. Liu, W., Peng, B., Lu, Y., Xu, W., Qian, W. and Zhang, J. Y. 

(201 1) Autoantibodies to tumor-associated antigens as bio- 
markers in cancer immunodiagnosis. Autoimmun. Rev. 10, 
331-335. 

60. Taylor, B. S., Pal, M., Yu, J., Laxman, B., Kalyana- 
Sundaram, S., Zhao, R., Menon, A., Wei, J. T., Nesvizhskii, 
A. I., Ghosh, D., Omenn, G. S., Lubman, D. M., 
Chinnaiyan, A. M. and Sreekumar, A. (2008) Humoral re- 
sponse profiling reveals pathways to prostate cancer 
progression. Mol. Cell Proteomics 7, 600-61 1. 

61 . Zayakin, P., Ancans, G., Silina, K., Meistere, I., Kalnina, Z., 
Andrejeva, D., Endzelins, E., Ivanova, L., Pismennaja, A., 
Ruskule, A., Donina, S., Wex, T., Malfertheiner, P., Leja, M. 
and Line, A. (2013) Tumor-associated autoantibody sig- 
nature for the early detection of gastric cancer. Int. I. Cancer 
132, 137-147. 

62. Cheng, Y., Xu, J., Guo, J., Jin, Y., Wang, X., Zhang, Q. and 
Liu, L. (2012) Circulating autoantibody to ABCC3 may be a 
potential biomarker for esophageal squamous cell 
carcinoma. Clin. Transl. Oncol, (in press). 

63. Yang, Z., Chevolot, Y., Gehin, T., Solassol, J., Mange, A., 
Souteyrand, E. and Laurenceau, E. (2013) Improvement of 
protein immobilization for the elaboration of tumor-asso- 
ciated antigen microarrays: Application to the sensitive and 
specific detection of tumor markers from breast cancer sera. 
Biosens Bioelectron 40, 385-392. 

64. Shan, Q., Lou, X., Xiao, T., Zhang, J., Sun, H., Gao, Y., 
Cheng, S., Wu, L., Xu, N. and Liu, S. (201 3) A cancer/testis 
antigen microarray to screen autoantibody biomarkers of 
non-small cell lung cancer. Cancer Lett. 328, 160-167. 

65. Lacombe, J., Mange, A., Jarlier, M., Bascoul-Mollevi, C, 
Rouanet, P., Lamy, P. J., Maudelonde, T. and Solassol, J. 

(2012) Identification and validation of new autoantibodies 
for the diagnosis of DCIS and node negative early-stage 
breast cancers. Int. I. Cancer (in press). 

66. Lopez-Arias, E., Aguilar-Lemarroy, A., Felipe Jave-Suarez, 
L., Morgan-Villela, G., Mariscal-Ramirez, I., Martinez- 
Velazquez, M., Alvarez, A. H., Gutierrez-Ortega, A. and 
Hernandez-Gutierrez, R. (2012) Alpha 1-antitrypsin: a nov- 
el tumor-associated antigen identified in patients with ear- 
ly-stage breast cancer. Electrophoresis 33, 21 30-21 37. 

67. Yao, Y., Fan, Y., Wu, J., Wan, H., Wang, J., Lam, S., Lam, W. 
L, Girard, L, Gazdar, A. F., Wu, Z. and Zhou, Q. (2012) 
Potential application of non-small cell lung cancer-asso- 
ciated autoantibodies to early cancer diagnosis. Biochem. 
Biophys. Res. Commun. 423, 613-619. 

68. Shao, Q., Ren, P., Li, Y., Peng, B., Dai, L, Lei, N., Yao, W., 
Zhao, G., Li, L. and Zhang, J. (2012). Autoantibodies against 
glucose-regulated protein 78 as serological diagnostic bio- 
markers in hepatocellular carcinoma. Int. j. Oncol. 41, 
1061-1067. 

69. Nomura, F., Sogawa, K., Noda, K., Seimiya, M., Matsushi- 



684 BMB Reports 



http://bmbreports.org 



Tumor-associated autoantibodies as diagnostic and prognostic biomarkers 

Chang-Kyu Heo, et a/. 



ta, K., Miura, T., Tomonaga, T., Yoshitomi, H., Imazeki, F., 
Takizawa, H., Mogushi, K., Miyazaki, M. and Yokosuka, O. 
(2012) Serum anti-Ku86 is a potential biomarker for early 
detection of hepatitis C virus-related hepatocellular 
carcinoma. Biochem. Biophys. Res. Commun. 421, 
837-843. 

70. Zhang, B., Zhang, Z., Zhang, X., Gao, X., Kernstine, K. H. 
and Zhong, L. (2012) Serological antibodies against LY6Kas 
a diagnostic biomarker in esophageal squamous cell 
carcinoma. Biomarkers 17, 372-378. 

71. Chapman, C. J., Healey, G. F., Murray, A., Boyle, P., 
Robertson, C, Peek, L. J., Allen, J., Thorpe, A. J., 
Hamilton-Fairley, G., Parsy-Kowalska, C. B., Macdonald, I. 
K., Jewell, W., Maddison, P. and Robertson, J. F. (2012). 
EarlyCDT(R)-Lung test: improved clinical utility through ad- 
ditional autoantibody assays. Tumour Biol. 33, 1319-1326. 

72. Tong, Y. Q., Liu, B., Zheng, H. Y., He, Y. J., Gu, J., Li, F. and 
Li, Y. (2011) BMI-1 autoantibody as a new potential bio- 
marker for cervical carcinoma. PLoS One 6, e27804. 

73. Li, J., Wang, L. J., Ying, X., Han, S. X., Bai, E., Zhang, Y. and 
Zhu, Q. (2012) Immunodiagnostic value of combined de- 
tection of autoantibodies to tumor-associated antigens as bi- 
omarkers in pancreatic cancer. Scand. /. Immunol. 75, 
342-349. 

74. Chang, W., Wu, L, Cao, F., Liu, Y., Ma, L, Wang, M., Zhao, 
D., Li, P., Zhang, Q., Tan, X., Yu, Y., Lou, Z., Zhao, J., 
Zhang, H., Fu, C. and Cao, G. (201 1) Development of auto- 
antibody signatures as biomarkers for early detection of col- 
orectal carcinoma. Clin. Cancer Res. 17, 5715-5724. 

75. Chen, J. S., Kuo, Y. B., Chou, Y. P., Chan, C. C, Fan, C. W., 
Chen, K. T., Huang, Y. S. and Chan, E. C. (201 1) Detection 
of autoantibodies against Rabphilin-3A-like protein as a po- 
tential biomarker in patient's sera of colorectal cancer. Clin. 
Chim. Acta. 412, 1417-1422. 

76. Xie, C, Kim, H. J., Haw, J. G., Kalbasi, A., Gardner, B. K., Li, 

G. , Rao, J., Chia, D., Liong, M., Punzalan, R. R., Marks, L. 
S., Pantuck, A. J., de la Taille, A., Wang, G., Mukouyama, 

H. and Zeng, G. (201 1) A novel multiplex assay combining 
autoantibodies plus PSA has potential implications for clas- 
sification of prostate cancer from non-malignant cases. /. 
Trans/. Med. 9, 43. 

77. Zhou, J. H., Zhang, B., Kernstine, K. H. and Zhong, L. 
(201 1 ) Autoantibodies against MMP-7 as a novel diagnostic 
biomarker in esophageal squamous cell carcinoma. World 

I. Gastroenterol. 17, 1373-1378. 

78. Fan, C. W., Chan, C. C, Chen, K. T., Twu, J., Huang, Y. S., 
Han, C. L, Chen, Y. J., Yu, J. S., Chang, Y. S., Kuo, Y. B. and 
Chan, E. C. (201 1 ) Identification of SEC61 beta and its auto- 
antibody as biomarkers for colorectal cancer. Clin. Chim. 
Acta. 412, 887-893. 

79. Babel, I., Barderas, R., Diaz-Uriarte, R., Moreno, V., Suarez, 
A., Fernandez-Acenero, M. J., Salazar, R., Capella, G. and 
Casal, J. I. (201 1) Identification of MST1/STK4 and SULF1 
proteins as autoantibody targets for the diagnosis of color- 
ectal cancer by using phage microarrays. Mol. Cell 
Proteomics 10, M1 10.001 784. 

80. Chapman, C. J., Thorpe, A. J., Murray, A., Parsy-Kowalska, 
C. B., Allen, J., Stafford, K. M., Chauhan, A. S., Kite, T. A., 
Maddison, P. and Robertson, J. F. (201 1) Immunobiomark- 



ers in small cell lung cancer: potential early cancer signals. 
Clin. Cancer Res. 17, 1474-1480. 

81. Anderson, K. S., Sibani, S., Wallstrom, G., Qiu, J., 
Mendoza, E. A., Raphael, J., Hainsworth, E., Montor, W. R., 
Wong, J., Park, J. G., Lokko, N., Logvinenko, T., 
Ramachandran, N., Godwin, A. K., Marks, J., Engstrom, P. 
and Labaer, J. (201 1) Protein microarray signature of auto- 
antibody biomarkers for the early detection of breast 
cancer, j. Proteome Res. 10, 85-96. 

82. Tomaino, B., Cappello, P., Capello, M., Fredolini, C, 
Sperduti, I., Migliorini, P., Salacone, P., Novarino, A., 
Giacobino, A., Ciuffreda, L., Alessio, M., Nistico, P., 
Scarpa, A., Pederzoli, P., Zhou, W., Petricoinlii, E. F., Liotta, 
L. A., Giovarelli, M., Milella, M. and Novelli, F. (2011) 
Circulating autoantibodies to phosphorylated alpha-eno- 
lase are a hallmark of pancreatic cancer, j. Proteome Res. 
10, 105-112. 

83. Budiu, R. A., Mantia-Smaldone, G., Elishaev, E., Chu, T., 
Thaller, J., McCabe, K., Lenzner, D., Edwards, R. P. and 
Vlad, A. M. (201 1) Soluble MUC1 and serum MUC1- spe- 
cific antibodies are potential prognostic biomarkers for plat- 
inum-resistant ovarian cancer. Cancer Immunol. 
Immunother. 60, 975-984. 

84. Blixt, O., Bueti, D., Burford, B., Allen, D., Julien, S., 
Hollingsworth, M., Gammerman, A., Fentiman, I., Taylor- 
Papadimitriou, J. and Burchell, J. M. (201 1) Autoantibodies 
to aberrantly glycosylated MUC1 in early stage breast can- 
cer are associated with a better prognosis. Breast Cancer 
Res. 13, R25. 

85. Heubner, M., Errico, D., Kasimir-Bauer, S., Herlyn, D., 
Kimmig, R. and Wimberger, P. (2011) EpCAM-autoanti- 
body levels in the course of disease of ovarian cancer 
patients. Med. Oncol. 28, 626-630. 

86. Ait-Tahar, K., Damm-Welk, C, Burkhardt, B., Zimmer- 
mann, M., Klapper, W., Reiter, A., Pulford, K. and 
Woessmann, W. (2010) Correlation of the autoantibody re- 
sponse to the ALK oncoantigen in pediatric anaplastic lym- 
phoma kinase-positive anaplastic large cell lymphoma with 
tumor dissemination and relapse risk. Blood 115, 
3314-3319. 

87. Dong, J., Zeng, B. H., Xu, L. H., Wang, J. Y., Li, M. Z., Zeng, 
M. S. and Liu, W. L. (2010) Anti-CDC25B autoantibody pre- 
dicts poor prognosis in patients with advanced esophageal 
squamous cell carcinoma. ]. Transl. Med. 8, 81. 

88. Anderson, K. S., Wong, J., Vitonis, A., Crum, C. P., Sluss, P. 
M., Labaer, J. and Cramer, D. (201 0) p53 autoantibodies as 
potential detection and prognostic biomarkers in serous 
ovarian cancer. Cancer Epidemiol. Biomarkers Prev. 19, 
859-868. 

89. Gnjatic, S., Ritter, E., Buchler, M. W., Giese, N. A., Brors, 
B., Frei, C, Murray, A., Halama, N., Zornig, I., Chen, Y. T., 
Andrews, C, Ritter, G., Old, L. J., Odunsi, K. and Jager, D. 
(2010) Seromic profiling of ovarian and pancreatic cancer. 
Proc. Natl. Acad. Sci. U.S.A. 107, 5088-5093. 

90. Heller, A., Zornig, I., Muller, T., Giorgadze, K., Frei, C, 
Giese, T., Bergmann, F., Schmidt, J., Werner, J., Buchler, M. 
W., Jaeger, D. and Giese, N. A. (2010) Immunogenicity of 
SEREX-identified antigens and disease outcome in pancre- 
atic cancer. Cancer Immunol. Immunother. 59, 1389-1400. 



http://bmbreports.org 



BMB Reports 685 



